A total of 5,909 scrotal circumference and 5,373 tesricular consistency (tonometer) measurements were made on Holstein bulls in seven artificial insemination studs. Comparable measurements were made on 339Angus bulls. The multiple regression equation, Y = -4.67 + 47.26 log X-11.74 (log X)2), where ~f is scrotal circumference in cm and X is bull age in months, described the high rate of testicular growth in young Holstein bulls, limited growth in mature bulls, and a slight decrease in the oldest bulls. Angus tended to have larger testes than Holsteins up to 3 years of age, but they were surpassed after that age by Holstein bulls.
INTRODUCTION
Previous studies by Boyd and VanDemark (1957) , Willett and Ohms (1957) , Almquist and Amann (1961) , Amann and Almquist (1961; 1962a,b) and Hahn et al. (1969a) have demonstrated that a close relationship exists between testis weight at slaughter and scrotal circumference, and between testis size and sperm output of growing bulls under frequent collection regimes. The use of scrotal circumference measurements made at 1 to 2 years of age may be valuable as a predictor of sperm output in the mature bull (G. H. Coulter and R. H. Foote, unpublished data, 1974) . The tonometer (Hahn et al., 1969a; Foote et al., 1970) was developed to provide a more objective measure of testicular consistency than the conventional palpation method. These authors demonstrated large significant positive correlations between testicular consistency and both semen quality and fertility as measured by percent 60-to 90-day nonreturns to service.
The present study is an extension of previous work (Hahn et al., 1969a,b) Bulls were restrained during measurement to the degree necessary to obtain an accurate measurement with relative safety for the technicians. Scrotal circumference measurements were made using a flexible plasticized cloth tape at the largest diameter of the testis and scrotum (Foote, 1969) . Testicular consistency measurements were obtained using the tonometers and techniques described by Foote et al., 1970. Significance levels between multiple linear regression equations were tested using general linear hypotheses (Searle, 1971) .
RESULTS AND DISCUSSION
Over the duration of this study 5,909 scrotal circumference measurements were made on Holstein bulls and 339 on Angus bulls. The mean values for scrotal circumference, hereafter usually referred to as testis size, for Holstein and Angus bull groups at 6-month age intervals are presented in table 1. The observed mean testis size of Holstein bulls of the different age groups in this study correspond well with the means for comparable age groups reported by Hahn et al. (1969b) .
The distribution of testis size observations plotted against age is presented in figure 1 . The best fitting regression equation describing this distribution was calculated to be Y ---4.67 + 47.26 log X-11.74 (log X) 2, where ~/ is 9 00 ~ 0'~H 9
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l" scrotal circumference in centimeters and X is bull age in months. This regression equation is similar to that reported previoulsy by Hahn et al. (1969a) , Y = -7.65 + 50.10 log X-12.44 (log X) 2 . These curves have the appearance of a typical growth curve having a rapid growth rate initially followed by a plateau. The slight decrease in mean testis size after approximately 144 months of age is likely due to testicular degeneration resulting from aging, as sperm output also declines with advanced age (Hahn et al., 1969b The variation about the mean testis size, illustrated in figure 1, includes true bull differences, seasonal effects and year of measurement effects (Coulter and Foote, 1975) . In addition, artificial insemination stud differences contribute to the variation about the mean as illustrated by the best fitting regression equations plotted in figure 2. Equations for bull studs 1 and 2 were calculated from 2,338 and 2,439 scrotal circumference measurements, respectively, while the third equation was based on 1,132 observations from five smaller bull studs each measured at the same time. A highly significant (P<.001) improvement in the fit of multiple linear regression equations to the scrotal circumference data resulted when three individual equations were calculated, rather than using one equation. tends to implicate differences due to selection following progeny testing; however, rearing system differences may be a contributing factor. Davies et al. (1957 ), Bratton et al. (1959 , VanDemark and Mauger (1964) and have demonstrated an effect of nutrition on the weight and size of dairy bulls' testes.
Although no bull stud or seasonal comparisons were made within the Angus data, due to insufficient numbers of observations, work by Wilsey (1972) indicates an effect of nutritional regime on testis size.
The tonometer (Foote et al., 1970 ) was used to make 5,373 and 339 measurements of testicular consistency, hereafter usually referred to as consistency, on Holstein and Angus bulls, respectively. Changes in consistency measured with either the weak or strong springs are relatively similar as bulls age (table 2). The multiple regression equation which best fits the distribution of the average of weak and strong spring tonometer values for Holstein bulls plotted in figure 3 is Y = 20.83 -9.06 log X + 2.47 (log X) 2 . ~/is the mean deflection in mm resulting from the application of weak and strong spring tonometers to the testes and X represents bull age in months.
The consistency of Holstein testes was firmest (highest deflection) in young bulls and decreased gradually until 42 to 54 months of age. Thereafter the firmness increased slightly and remained relatively constant until possible testicular degeneration was occurring in the oldest Holsteins. The Angus bulls had slightly 
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+1 -I-I +1 +1 +1 +1 +1 +1 -~1 +1 +1 +1 +L +1 +1 -}-I "t"1 ,.1-1 +i +1 +1 +1 +1 +1 +1 +1 +1 +l +1 +l +1 +1 +l +1 +l +1 § +1 +1 +1 +1 @1 +1 +1 +t +1 +1 +1 +1 § +1 +i +1 +1 § § +1 @1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 @1 +l +1 +1 +1 ~1 +i +[ +1 +1 +1 +L @i +1 +i @t +1 +1 +1 ~1 ~1 +1 +1 +1 +l 0 "5: +1 0 c~ softer testes than the Holsteins at 12 to 24 months of age but, because they did not show a further decrease in tonometer values with age, their testes appeared to be firmer than Holsteins thereafter. The extent to which selection was practiced for high semen quality and thereby resulted in culling of bulls with less firm testes (Hahn et al., 1969a ) cannot be determined from present data.
Similar to testis size there was a definite effect of season of measurement and year of measurement causing variations in tonometer deflections about the mean which exceed the variation attributable to bull differences alone (Coulter and Foote, 1975) . Also, there were differences among A.I. bull studs. Figure 4 presents graphically the best fitting multiple regression equations for two individual studs (2,338 and 1,904 observations for bull studs 1 and 2, respectively) and for 1,132 observations pooled from five bull studs (3 to 7). As with testis size, a highly significant improvement in the fit of multiple linear regression equations to consistency values was obtained when three individual equations were calculated, rather than one quation. Causes of these A.I. bull stud differences are unknown, but as with scrotal circumference, rearing and genetic selection would be expected to exert some influence.
The "K ratio" values, which express the relationship between the forces applied to the testes by the two springs and the corresponding deflection observed (Hahn et al., 1969a) , also is shown in table 2. This ratio has certain theoretical advantages, but, as in earlier studies (Hahn et al., 1969a) , it did not prove to be anymore highly correlated with other measurements than were the deflections read directly from the tonometer. The cause of breed differences in testicular size and consistency (tables 1 and 2) is unknown, but it is expected that they result from a combination of genetic and environmental components (Wilsey, 1972) . With the marked differences inherent in the rearing and testing systems of beef and dairy bulls for artificial insemination, these results emphasize the need for research to partition the genetic and environmental contribution to variation in sperm output and semen quality.
Previously it has been shown (Hahn et al., 1969b ) that for Holstein bulls 17 to 42 months of age that 52 to 66% of the variation in total sperm output can be accounted for by differences in scrotal circumference. This relationship should be taken advantage of by measuring scrotal circumference. Young bulls with small testes should not be progeny tested as they are likely to have small testes when mature (G. H. Coulter and R. H. Foote, unpublished observations, 1974) . By selecting bulls with larger testes more cows per superior sire could be inseminated, resulting also in a greater efficiency of production and processing of semen. This type of selection would be immediately advantageous to artificial breeding units involved in a semen banking and bull-slaughter program (Coulter and Foote, 1974) . The tonometer should be used to predict and select those expected to have the highest semen quality and fertility.
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